In health, an efficient negative feedback mechanism maintains serum thyroid hormone concentrations within an exquisitely controlled narrow range. Therefore any change that occurs to thyroid hormones in intrinsic thyroid disease is concordant and easy to interpret. Optimal functioning of the many tissues they influence is thereby facilitated. The situation in acute illnesses is different. Mechanisms that operate in these circumstances influence the hypothalamic-pituitary-thyroid axis and its components producing thyroid test results, which are discordant, do not fit recognizable patterns and are difficult to interpret. The yield of abnormalities is also low (about 7%). As many studies indicate, thyroid tests are expensive and consume large amounts of the hospital budget and resources of hospital laboratories. Other studies have shown that when abnormalities are detected, clinicians do not intervene or follow up these subjects. Therefore the clinical utility of thyroid testing in acutely ill patients is debatable. Interventions to change requestor behaviour with regard to thyroid testing in acutely ill subjects and the success of some audit and educational interventions are worthy of note. Thyroid testing in acutely ill patients is often an expensive distraction and is of limited clinical value. Targeted thyroid testing should be offered in this group only to those with: (a) symptoms or signs of thyroid disease e.g. goiter or orbitopathy; (b) risk factors for thyroid disease, previous or family history of thyroid disease; (c) taking drugs which potentially affect thyroid function e.g. thyroxine replacement therapy, amiodarone, lithium, mechanistic target of rapamycin (mTOR) inhibitors, interferon, alemtuzumab etc; (d) unexplained tachydysrhythmias.
Review

Background
The relationship between the two biologically active thyroid hormones, free thyroxine (fT 4 ) and free triiodothyronine (fT 3 ), and thyroid stimulating hormone (TSH), the pituitary hormone that controls them, is tightly preserved in many diverse physiological and pathological conditions. Blood concentrations of fT 4 and fT 3 are maintained within a narrow range, which remains constant throughout life with little intra-individual variability (1, 2) . This constancy probably reflects an individual's pituitary "set point" (3) . This close relationship is important because of the wide array of physiological activities that thyroid hormones influence. Both auto immune and non-autoimmune intrinsic thyroid diseases (e.g. Graves' disease (GD), Hashimoto's thyroiditis (HT) or nodular thyroid disease) have the potential to disturb this relationship. The resulting thyroid hormone abnormalities and the new "steady state" are predictable and are easy to understand because the changes are concordant. For example, in GD there is stimulation of the TSH receptor by the thyrotropin receptor antibody (TRAb), resulting in increased blood concentrations of fT 4 and fT 3 (4) . The finely tuned negative feedback mechanism called the hypothalamic-pituitary-thyroid axis (HPT) causes inhibition of the thyrotrophic hormones, suppressing TSH concentrations often into the undetectable range (5) . The opposite happens in HT where decreased blood concentrations of fT 4 and fT 3 , cause thyrotrophs to increase TSH secretion (6) . Clinicians can therefore derive information about current thyroid homeostasis by measuring fT 4 and fT 3 , the biologically active forms of these hormones currently preferred by most laboratories, and TSH in the blood.
Such thyroid hormone testing is common these days (7) . The availability of technically simple, quick and relatively cheap automated analysers has increased the demand on laboratories all over the world. The United Kingdom (UK) has seen an exponential rise in the number of thyroid tests every year -10 million thyroid tests which included fT4, fT3 and TSH, costing an estimated 30 million sterling pounds a year (8, 9) . The biochemistry laboratory in our hospital in Cardiff which has approximately 1000 beds and serves a population of about 500,000 did 129,953 combined fT 4 and TSH tests, 15,949 TSH tests alone, and about 4600 fT 3 tests in the year 2013/14. The cost for reagents alone was approximately £56,000 (about 2.35% of total reagent costs for the centre) -this does not include staff (phlebotomist, technician, biochemist and portering) and transport costs, and costs of calibrators, controls and maintenance (personal communication, Dr. C. Evans, Cardiff). In Zagreb, in a 550-bedded teaching hospital, where approximately 16,800 TSH tests, 11,400 fT 3 tests and 14,400 fT 4 tests are done annually, about 7% of the total annual laboratory budget is spent on them (personal communication, Professor AM Simundic, Zagreb).
Clinicians have contributed to an increasing laboratory workload by adopting a very low threshold for testing, in an attempt at diagnosing subtle thyroid dysfunction (10) (11) (12) . The clinical features of thyroid dysfunction are non-specific and often mild, e.g. tiredness and lack of energy, and the clinician has to display a high index of suspicion to diagnose them. There is also a move towards investigating and treating subtle thyroid abnormalities in general and particularly in some circumstances e.g. pregnancy (13) .
However, clinicians are also responsible for requesting thyroid tests inappropriately, particularly when individual patient circumstances do not warrant such tests (14) . For example, some hospitals adopt a policy of a "minimal set" of investigations in clinical areas admitting acutely ill patients (often including thyroid tests). But others don't, and often tests are done at the sole discretion of the admitting health care professional, with scant regard for patient symptoms or presenting diagnosis. In fact it is estimated that of all requests that are made to hospital laboratories, about 25 -40% are unnecessary. Within biochemistry the estimate of unnecessary tests is even higher at between 26-98% (15) .
In this regard, the clinical utility of laboratory diagnostic pathways needs to be highlighted, particularly in thyroid testing (16) . These pathways are helpful in differentiating between the causes of frequently presenting clinical syndromes and in investigating rare or complex syndromes, which clinicians do not see often. They are evidence based, comply with regulations and are suited to local conditions. They will also have the potential to inform the clinician of conflicting or potentially confusing pre-analytical circumstances, when used within hospital electronic data systems. These pathways therefore would have advised against thyroid testing in acutely ill patients in the setting of the Acute Medical Admissions Unit -unless specific indications or criteria were fulfilled.
Such indiscriminate thyroid testing should be discouraged in acutely ill patients for several reasons: (a) test results are often discordant and difficult to interpret (17) particularly for the generalist or nonspecialist; (b) test results are often ignored and not followed up by clinicians ordering them; and (c) they therefore do not enhance patient management or clinical outcome, but only add to the expenses associated with thyroid testing.
The hypothalamic-pituitary-thyroid (HPT) axis
There is an extremely well controlled and finely tuned negative feedback mechanism, the HPT axis (Figure 1 ), which maintains thyroid hormones within a very narrow range throughout life (5) . The individual components of the HPT have now been Premawardhana LD.
Thyroid tests and acute illness worked out. The hypothalamus secretes thyrotropin releasing hormone (TRH) which is the main stimulus to pituitary TSH secretion. TRH secretion is in turn inhibited by fT 3 and fT 4 and influenced positively and negatively by a variety of other substances depicted ( Figure 1 ), both in physiological and disease states (7, 8) . Pituitary TSH secretion, which is pulsatile and is highest late evening and early morning, is inhibited also by fT 3 and fT 4 (18) . The thyroid secretes its major product the prohormone fT 4 , stimulated by TSH, which is then converted to the active hormone fT 3 , by intracellular deiodinase enzymes both in peripheral and central tissues (pituitary and hypothalamus) (19) . The active hormone fT 3 , gains access to cells and their nuclear thyroid hormone receptors through the mechanism of thyroid hormone transporters such as organic anion transporter family member 1C1 (OATP1C1), monocarboxylate transporter 8 (MCT8) and MCT10 (20) . The effects of other proteins such as cytokines, which affect the HPT axis, are depicted in Figure 1 .
Non thyroid illness syndrome (NTIS) -thyroid tests are discordant and difficult to interpret
The effects of acute illness (and some chronic illnesses) on thyroid hormones and TSH, has been known since the 1970s and is currently referred to as the non-thyroidal illness syndrome (NTIS) (21) .
There is an ongoing debate about whether the changes of NTIS are physiological (or "adaptive") or pathological (or "maladaptive") (22) . In many instances it is a combination of the two, compounded by the effects of drugs (23,24). There appears to be no significant intrinsic thyroid dysfunction despite the occasional severity of thyroid hormone abnormalities in NTIS (25) . However, the jury is still out about intervention, as current studies do not indicate a need for thyroid hormone replacement therapy (25) .
Many mechanisms have been implicated in NTIS, and they may be multiple in any one individual (24, 26) . Amongst the most likely are: (a) abnormal TRH and TSH secretion; (b) defective deiodinase activity; (c) thyroid hormone binding protein (thyroglobulin, albumin and transthyretin) and transporter (e.g. MCT8) defects; and (d) altered nuclear thyroid hormone receptor activity. Although the exact mechanisms causing these changes are unknown, cytokines such as IL-1, IL-6, and TNF-α may be responsible in some types of NTIS (18) . However, a discussion of these is outside the scope of this review.
The biochemical changes of NTIS may begin within the first 24 hours of illness (27) . The most common abnormality is a reduction of free T3 (and a rise in reverse T3 which is metabolically inactive but not measured clinically). Patients are often significantly ill with a poor prognosis when fT 4 also becomes reduced. In a minority of acutely ill subjects fT 4 and fT 3 are elevated (5). TSH is low (in about 50% of patients) or within the reference range. However, TSH is elevated during recovery in most (26) . Therefore, the combinations of fT 4 /T 3 and TSH at any given time are discordant (e.g. both may be low or high, with other combinations as well), difficult to interpret and confusing particularly for the generalist.
There are several studies that describe this well (Table 1) . Adlan et al. found that of the 1593 consecutive patients admitted with acute illnesses to the medical assessment unit of their hospital, 857 (53.8%) were offered thyroid tests irrespective of their admitting diagnosis or symptoms (28) . Of the 751 subjects who finally had thyroid tests done, 84 subjects (11.2%) had abnormal thyroid tests. But when those on thyroid replacement therapy and drugs affecting thyroid function (27 subjects) were eliminated from analysis, only 57 (7.6%) had fT 4 , TSH or both, outside the reference range -fT 3 is not routinely checked. fT 4 was within the reference range (10.3-24.5 pmol/L) in the majority of them (69%), below in 12.8% (probably reflecting the severity of their illness) and above the reference range in 18.2%. TSH was within the reference range in 18.2%, elevated in 29.1% (TSH > 4.5 mU/L), low in 45.5% (0.01 -0.2 mU/L) and completely suppressed in 7.3% (< 0.01 mU/L) ( Figure 2 ). When the audit was repeated four years later, 255 (21.7%) subjects who did not have previous thyroid disease were offered thyroid tests and 19 patients (7.5%) had abnormalities. fT 4 and TSH were similarly discordant with no particular pattern to the abnormalities. The yield of abnormalities in those tested for thyroid dysfunction in both audits was low (7.6% and 7.5%), the combinations were often discordant and unpredictable, and they were difficult to interpret e.g. high fT 4 concentrations were associated with normal TSH and normal fT 4 with low TSH concentrations (Figure 2 Free thyroxine (fT 4 ) and TSH tests were discordant in many with abnormal thyroid tests and the combinations were difficult to interpret e.g. normal TSH combined with high fT 4 ; low TSH combined normal fT 4 etc. -adapted from (34 (14) . The yield of thyroid test abnormalities in acutely ill subjects is relatively low as the above studies indicate (between 7.4 and 20%).
NTIS occurs in non-critically ill patients
The majority of hospital patients have non-critical illnesses. Although NTIS was initially described in critically ill patients in Intensive Therapy units (ITU), there is accumulating evidence that NTIS also occurs in subjects who are acutely but not critically ill i.e. not requiring ITU treatment (Table 2 ) (30) (31) (32) (33) . These studies have demonstrated a high incidence of NTIS (up to 62% in some) in subjects with acute but non-critical illness -cardiac, stroke and other illnesses such as pneumonia. Therefore, physicians should be aware of this phenomenon when thyroid tests are requested in areas where acutely ill patients are admitted even if they are not "critically" ill.
The clinical utility of thyroid tests in the acutely ill patient
The clinical utility of thyroid tests in acute illness remains doubtful. Clinical experience indicates that in addition to the poor yield of abnormalities and discordant and difficult to interpret thyroid hormone and TSH combinations, physicians do not intervene or follow these patients after their acute admission. In other words, these tests are not of high clinical utility.
Abnormal thyroid results are ignored
In the study by Adlan et al., 25 .5% of patients with abnormal thyroid tests, the majority of whom were known to have previous thyroid disease, had either thyroid related medication introduced or dose adjusted (34) . However, 74.5% of those with thyroid abnormalities had no documented intervention following the detection of thyroid abnormalities. As most of these patients were admitted under the care of "non-Endocrine specialist" physicians (specialists in Care of the Elderly Medicine, Gastroenterology etc.), it appeared that they did not have the expertise nor the inclination to deal with them and as a result there was no intervention planned -intervention defined here as planned follow up after the acute illness, or investigation and treatment while in hospital. It is clear that the majority of patients with abnormal thyroid results are not followed up.
Inadequate follow up and intervention
In the same study by Adlan et al., only 45.5% of subjects with abnormal thyroid results were followed up after the index admission (median 8 weeks; range 1-39 weeks) (34) . Thyroid tests had become normal in 9 of these (36%), but remained abnormal in 6 patients who were known to have previous thyroid disease and 10 who were not (64%). No further action was planned for these (34) . It is clear from the above that thyroid testing in this group of individuals did not influence clinical outcome.
Study (reference) Remarks
Acute 
How do we reduce thyroid testing in acutely ill patients?
Inappropriate thyroid testing in the presence of acute illness has multiple significant consequences -unnecessary expense, increasing laboratory workload, waste of scarce resources and potential negative impact on patient health (often involving further testing and inappropriate treatment) (13) . One effective way of reducing these consequences is to reduce the number of test requests by changing requestor behavior.
There are many interventions that may be employed to change requestor behaviour. Two reviews summarise them as follows: (a) educational interventions; (b) guideline and protocol development; (c) changes to funding arrangements; (d) use of existing guidelines and protocols; (e) decision making tools -request forms and computer based decision support; (f) audit and feedback (35) (36) (37) . Where requestor behaviour needs to be modified, the type of intervention that is relevant to local circumstances needs to be utilised.
Successful interventions to reduce thyroid testing in acutely ill subjects involving requestor education and audit, adopted in two hospitals in South East Wales, will now be described.
Educational intervention
In a 500 bedded district general hospital in Wales, 950 acutely ill patients were admitted on average per month to the medical admissions unit (MAU) -this did not include patients with suspected poisoning who were admitted to a specialist ward. Each month 309 thyroid function tests, 481 lipid profiles and 818 coagulation screens were requested for these patients on average. These requests were made primarily at the time of triage by nursing staff. Following the identification that these test requests were excessive, discussions were held between the Laboratory staff and the clinicians in the MAU. They removed these three sets of investigations from the standard MAU biochemistry test request forms and agreed a new protocol for biochemical testing. They also implemented an educational intervention in the MAU as follows: (a) lectures and tutorials delivered to all clinical staff; (b) posters describing new protocol for laboratory requests were displayed in prominent areas in the MAU; (c) protocol and data presented to the Medical Directorate Governance and Safety committee for review. When pre-intervention request behaviour was compared to post-intervention request behaviour calendar month to calendar month (to rule out seasonal variation), a significant reduction was observed in thyroid tests requested per patient (0.32 before intervention (SD 0.05) vs. 0.08 post intervention (SD 0.01); P < 0.001) (38) . This was also true for the other tests removed from the standard request protocol. The authors of this study concluded that in addition to cost savings, this study improved the appropriateness of testing and improved patient care (38) .
Thyroid testing guidelines and audit
In the study discussed above, following an initial audit, the authors issued guidelines about thyroid testing in acute illness, and repeated the audit 4 years later (34) . Whereas thyroid tests were offered to 53.8% acutely ill subjects in the first audit, this was reduced to 21.7% in the second (P = 0.01). Furthermore as mentioned above, physicians acted upon reviewing the results and follow up was arranged for a significantly higher percentage of subjects following the second audit (Table 3) . There was a significant decrease in the number of thyroid tests offered, and an increase in the proportion of patients on whom action was taken and follow up arranged, after implementing guidelines for thyroid testing in acutely ill subjects (34) . TFT -thyroid function tests. 
Conclusions
Measuring thyroid hormones and TSH in acutely ill patients is often an expensive distraction and is only of limited clinical value. The yield of abnormal thyroid tests is low, the tests are discordant and often difficult to interpret for the generalist (as they do not fit recognizable patterns), and are often ignored by the requesting physician (34) . In addition to being a distraction clinically, they are also expensive to do and in some hospitals account for a significant proportion of the laboratory services budget. Education of nurses, junior doctors and senior physicians in the futility of thyroid testing during acute illness, helps in reducing the number of tests done, as has been shown in two recent studies (34, 38) . Efforts should be made to devise a sensible, logical and easily understood set of guidelines for targeted thyroid testing in acutely ill patients in hospital medical assessment units (39) .
The following criteria for targeted thyroid testing were adopted in our medical assessment unit with improved results i.e. with a significant reduction in thyroid test requests, a higher proportion of results being acted upon, and more patients being followed up after the acute illness:
• patients with symptoms or signs of thyroid disease e.g. goiter, orbitopathy • patients with risk factors for thyroid disease, previous or family history of thyroid disease • patients taking drugs which potentially affect thyroid function e.g. thyroxine replacement therapy, amiodarone, lithium, mechanistic target of rapamycin (mTOR) inhibitors, interferon, alemtuzumab etc.
• unexplained tachydysrhythmias. Changing requestor behaviour in reducing inappropriate thyroid testing in acutely ill patients is a worthwhile exercise, and emerging evidence indicates audit and education of healthcare professionals are interventions that should be explored.
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